is changed into -φ(x 0 , y 0 ), the intensity distribution changes into
Where f x =x/λz and f y =y/λz (λ is the wavelength and z is the reconstruction distance) in Eqs. 
Broadband characteristic
The broadband characteristic of the reflective type metasurface can be explained by using Jiang's model for reflective-type metallic nanostructure array 2 . Assuming that the light scattered by the nanorod has the amplitude of E rad at z=d, then the scattered light propagating along the +z/-z has the expressions of (Supplementary Fig. 1 )
and ( )
The silver background layer functions like a perfect mirror. After a round trip through the dielectric layer, the formula (7) changes into
The total scattered light propagating along the +z direction is expressed as the superposition of (6) and (8) 
By properly choosing d, the dispersion of E rad can be cancelled out by the dispersion of | | , hence the E scatter can maintain its amplitude over a wide range of wavelengths.
High efficiency characteristic
The three-layer structure functions like a Fabry-Pérot-like cavity 3 , where the thickness d of the dielectric spacer corresponds to the cavity length. By choosing d (80 nm in our experiment) and the geometry of the nanorods carefully, the superposition of these l polarized reflected fields results in a constructive interference and gives a near-unity overall reflection, so does the s polarized fields ( Supplementary Fig. 2 ). Moreover, the s polarized component is added a phase delay of π versus the l polarized component 4 . As a result, each nanorod along with the spacer and the background layer functions as a reflective-type half-wave plate. The nanorod cell is designed and simulated by CST microwave studio software. The simulation method we used to calculate the reflectivity curves of co-polarization and cross-polarization is same as that in reference 4 . The refractive indices of SiO 2 and silicon we use are 1.45 and 3.45, respectively. The refractive indices of silver and titanium are taken from the reference 5 .
When the incident light is circularly polarized, the reflectivity for the co-polarized and cross-polarized light is calculated as shown in Supplementary Fig. 3 . This figure shows that most of the incident light is transformed by the metasurface and preserves the polarization of the incident light within a broad range of wavelengths.
The difference between experimental results and simulation results is mainly due to the titanium layer between nanorods and SiO 2 layer, the fabrication error and measurement method. To improve the adhesion of silver to SiO 2 in our fabrication process, a titanium layer (~1 nm) is added between nanorods and SiO 2 layer, which has a huge impact on the conversion efficiency. The difference with and without titanium layer can be clearly seen in Supplementary Fig. 4 . Of course, the titanium layer with a thickness less than 1 nm is not a uniform film, but isolated particles. Therefore the theoretical model used for the simulation of titanium layer is not very accurate. Apart from that, the fabrication error (e.g., missing nanorods and nanorod distortion) also plays an important part in its performance. Furthermore, our design is based on normal incidence. However, in order to measure the conversion efficiency, a lens with a focal length of 30 cm is used to shrink the beam size of the incident light since it is larger than the sample size, meaning that the incident light is not a real plane wave. In addition, the holographic image from the metasurface hologram is projected into a broad angular range (64.7°×22°) in the experiment. The broad angle scattering is also expected to induce the lower peak reflection than the calculated results.
Supplementary Note 3. Pre-compensation of the hologram
As the designed CGH is expected to create a wide image angle of 64.7°×22°, there is pattern geometrical distortion (see Supplementary Fig. 5 (a) and (b)) without precompensation of the hologram. In order to obtain an image with uniform intensity and without distortion in the far field ((see Supplementary Fig. 5 (c) and (d)), the intensity distribution of the target image is modified for non-paraxial propagation. As shown in Supplementary Fig. 5 (e) and (f), the intensity at the edges of the target images has been enhanced to compensate the inhomogeneous scattering of nanorods. Due to the large angular range, the Rayleigh-Sommerfeld diffraction method is used to simulate the holographic image 6 .
Supplementary Note 4. Phase deviation from the coupling effect of neighbouring nanorods
For a given antenna in the metasurface, the effect of the near field coupling from its neighbouring nanorods can be evaluated by the phase deviation from its designed value (2φ, φ is the orientation angle). For simplicity, the deviation is simulated for a uniform array of nanorods but with different orientations ( Supplementary Fig. 6(a) ). The nearest distance between the two neighboring antennas is 86 nm when φ equals to 20.6  , 69.4  , 110.6  and 159.4  , which correspond to the four peaks of the phase deviation curve.
Supplementary Fig. 6 (b) also shows that the maximum phase deviation is small (±3  maximum) for several wavelengths, which is much less than the phase step (16 steps, 22.5  /step) used in our hologram design.
Supplementary Note 5. Fabrication of the designed metasurface
To fabricate the designed nanoantenna structures, the standard electron-beam lithography (EBL) and lift-off process are used. Firstly, the silver background layer (150nm) and the SiO 2 spacer (80 nm) are deposited onto the silicon substrate by using the electron beam evaporator. Then, the positive poly methyl methacrylate (PMMA) resist film is spin coated on the SiO 2 spacer layer and baked at 180℃ for two minutes. Then, the nanostructures are defined on the PMMA film by EBL. Prior to silver deposition, a titanium layer is deposited on the silicon dioxide to improve the adhesion of silver to SiO 2 . After that, a 30 nm silver film is deposited on the sample via thermal evaporation.
Finally, the metasurface structure is achieved by a subsequent lift-off procedure. The shapes of the nanorods are slightly distorted due to the fabrication error in the lift-off process.
Supplementary Note 6. Quantitative analysis of the energy transfer between the two reconstructed images upon the illumination of incident light with different polarizations
To quantitatively analyze the energy transfer between the two reconstructed images upon the illumination of incident light with different polarizations, the intensity profiles along a line in the overlapping area of two images are given in Supplementary Fig. 7 , which further confirms the theoretical analysis. Different incident polarization is achieved by changing the angle θ formed between the polarization axis of the polarizer and the fast axis of the quarter wave plate. θ is chosen at five separate values, i.e., π/4, 3π/8, π/2, 5π/8 and 3π/4.The horizontal axis and the vertical axis represent the pixel numbers along the line and the corresponding normalized pixel intensities, respectively. The two peak positions around 55 th and 135 th pixels represent the parts that belong to 'bee' and 'flower', respectively.
Supplementary Note 7. Optimized design of the metasurface hologram
The combination of two sets of hologram patterns operating with opposite incident helicities on the same metasurface is a design methodology we proposed here to realize image-switchable functionality. However, there is crosstalk between two sets of holograms after combining them together. Fortunately, this design can be further optimized since the two phase profiles are generated by using same iterative method. A more straightforward design approach is to provide a target image that includes two separated images, each one projected to a different direction.
To theoretically explain the performance enhancement of the optimized design, the angular spectrum representation is adopted here to analyze the spatial frequency distribution of the scattered light from these holograms. By using angular spectrum representation, a monochromatic field of the wavelength λ can be described as a superposition of a series of plane waves and evanescent waves 7 Fig. 8(c) ). The proportion of the evanescent waves increases with the incident wavelength. In contrast, the majority of the energy for the optimized design corresponds to propagating waves and contributes to the target image ( Supplementary Fig. 8(d) ). As a result, the performance of the metasurface hologram based on the optimized design is improved. Experimental results have confirmed our prediction (see Supplementary Fig. 9 ). Of course, as each nanorod defined in the metasurface is affected by the coupling from other nanorods, it might not be very accurate to consider each nanorod in the metasurface as an isolated phase pixel in the hologram. However, full wave numerical simulation of our hologram is beyond our simulation capability due to the large array of antennas contained in the hologram.
Supplementary Note 8. The dependence of efficiency and image quality on the incident angle
The metasurface hologram is designed for the incident light at normal incidence.
Therefore, the performance of the hologram will change when the light impinges the sample at oblique incidence. The experimentally measured efficiency versus incident angle is shown in Supplementary Fig. 10 , which clearly shows that efficiency degrades with the increase of the incident angle. Furthermore, the reconstructed images are distorted to some extent since the phase profile of the scattered light deviates from its designed distribution (see Supplementary Fig. 11 ).
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